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Executive Summary  
Heavy metal music is known to be loud, with heavily distorted guitars and squealing 
pinch harmonics, wailing tremolos, and fast guitar solos. These sounds are all brought to life by 
high gain amplification circuitry to convert the classical clean guitar signal away from the 
pristine and quiet to a sound much darker, full of an energy and passion unlike that of any other 
genre of music. Our goal for this project was to design a device that brings the „metal‟ out of an 
electric guitar. There are many methods that guitar players and their sound technicians use to 
produce this sound; this project considers two of them: distortion and equalization. 
Guitar signals are created by metal strings of specific tensions being picked causing them 
to oscillate, which induces an electric field in the inductive magnetic coils of the guitar, called 
pickups. The electric field induces a sinusoidal current in the coils of wire around the pickups, 
which travels through the coiled wire inside the pickups through a network of volume and tone 
potentiometers and out the output jack of the electric guitar. From there it is approximately 
between 140mV and 1.4V in amplitude, and changes frequency depending on fundamental 
frequencies of the notes played and their accompanying harmonics. This signal flows through a 
guitar cable to a series of signal processing circuitry and then is sent through the speakers of a 
guitar amplifier. This signal processing is often performed using devices called effects pedals, 
which are small metal boxes containing signal processing circuitry that interface with electric 
guitars and amplifiers in a series configuration called a pedal board. A pedal board sits on the 
floor, and consists of several pedals connected output of one to input of the next, until the last 
one, which is connected to the amplifier. 
Distortion is created intentionally by driving amplifier circuitry to the supply rails, 
clipping the signal. More clipping is added to the circuit using diodes, to cut the amplitude to the 
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forward voltage drop across the diodes. This cuts the peaks and troughs off of the guitar signal, 
and this type of clipping is known as hard clipping, and is the principle cause of heavy metal 
type guitar distortion. Equalization is created by a series of band-pass filters attached to 
amplification which either boosts or attenuates certain key frequencies for electric guitar. 
Equalization allows for customization of guitar tone, to compensate for effects caused by other 
pedals and to help the guitarist set their sound to fit their individual style. 
There are many effects pedals on the market today that include distortion circuitry and 
equalization circuitry in one pedal, but none of them are quite like ours. Many distortion pedals 
are designed for other styles of music than metal, and don‟t provide enough gain or the right 
style of clipping, and none have the ultimate level of equalization available in a pedal: ten band 
equalization. Most of them have a knob for the higher frequencies, the lower frequencies, and the 
middle frequencies and not much more. A ten band equalizer allows for adjustments of 10 
different frequencies crucial to the electric guitar, for the most customization possible in a widely 
available pedal on the market today. Comparable distortion pedals alone to our distortion block 
retail between $100-250, and they all fall short in terms of customizability, amount of distortion 
available, and undesired noise levels compared to our distortion stage. Ten band equalizer pedals 
retail between $215-250 alone, and they do not contain distortion circuitry. Our pedal is designed 
to retail under $200, and contains both a superior distortion circuit and the best equalization on 
the market, a combination of features that surpasses all existing competition, with a price far 
below that of the combination of competing products required to match the functionality of our 
design. 
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Abstract 
  
This project is an effects pedal for use with an electric guitar and amplifier. The project 
functions as both an analog distortion circuit with true hardware bypass, adjustable gain and 
filtering, and an active ten band equalizer. These functions can be cascaded or be used 
individually. 
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1. Introduction  
1.1 Problem Statement 
 Distortion in amplifiers is commonly considered a design flaw in most applications of 
circuit design. Amplifiers are commonly used to boost signals without distorting them, to 
preserve the original signal. This is definitely not the case when designing signal processing 
systems for the electric guitar. Distortion is an essential trait for most guitar amplification 
circuitry, especially for rock and heavy metal musicians. Musicians everywhere use many 
different types of distortion circuits to achieve the sound that they desire; for guitar players, this 
sound is referred to as their guitar tone. Every circuit in the signal path from the guitar itself to 
the amplifier and the amplifier speakers, and even the power source itself impacts the overall 
guitar tone. There is a vast industry dedicated to guitars, amplifiers, effects, and even the cables 
that connect them. „Effects‟ is a term referring to any pedal or circuitry that is intentionally 
connected between the guitar and the amplifier, to affect guitar tone. Effects are often called 
„pedals‟ or “effects pedals” because they are located on the floor in front of the guitar player or 
the guitarist‟s tech, and buttons on them are stepped on to adjust them while the guitarist is 
playing. For the scope of this project, we are only considering distortion and equalization, out of 
the several different types of effects pedals that exist. 
 Distortion of a guitar signal is created by clipping. There are two basic types of distortion 
for guitar: soft clipping and hard clipping. Soft clipping is generally referred to by members of 
the music industry as „overdrive‟, while hard clipping is commonly called „distortion‟. This 
pedal is a heavy metal distortion effect, and heavy metal guitar sound is created by almost 
exclusively hard clipping circuitry for the crucial heavily distorted sound that is defines the genre 
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of music. From this point on, the term „distortion‟ will be used to refer to hard clipping, which in 
the most basic sense is clipping the peaks and troughs off of the sinusoidal signal that makes up 
any audio signal. 
 There are two fundamental methods of creating distortion for electric guitar signal 
processing: analog and digital. Analog distortion consists of entirely analog components, 
contains no CPU and does no sampling. It is considered by many in the music industry to be the 
preferred method of distortion. Digital distortion is created by sampling the analog guitar signal 
(as all real world audio signals are analog) to digitize it and allow a CPU to read the input, and 
transform it with programmed alterations, and then the signal is converted back to analog before 
the output jack of the pedal. Digital distortion circuitry is built to model the designers‟ best 
approximations of the effects of analog circuitry on a guitar signal. Many musicians consider 
digital distortion circuitry to impart sterility to guitar tone, taking away from the rawness of 
analog sound. This distinction is a matter of opinion, but it is an opinion shared by many, 
including this group. The group lacked a background in digital signal processing, and would 
have been unable to translate the processing necessary into a program to be downloaded to a 
CPU without significant research, which there was insufficient time for. 
Glossary of terms: 
Bypass: Pedals are designed to be connected in series on a pedal board, and they have two basic 
functions: on and bypass. Bypass refers to when the device is connected in the signal path 
between the guitar and amplifier, but not switched on. 
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Headroom: the difference between the positive and negative supply rails of an amplifier, more 
headroom means more gain before the signal is clipped from pushing the output of the amplifier 
to its supply rails 
High gain: For most electrical engineering usages, the term „gain‟ refers only to the transfer 
function of an amplifier. In the metal guitar signal processing industry, the term „gain‟ refers to 
the amount of clipping a device can impose on a guitar signal, or how heavily distorted it can 
make the signal. Heavy metal distortion uses hard clipping to achieve the sound that defines the 
genre of music. 
Muddy: a term referring to a flaw in guitar tone characterized by lack of clarity especially in the 
lower frequencies 
Pedal board: A pedal board is several effects pedals connected together in series between the 
guitar and amplifier, the order of which will affect guitar tone. The order of devices is usually 
counted from the guitar to the amplifier, the device that is connected directly to the guitar is 
considered „first‟ in the pedal board, the device connected to the amplifier is considered „last‟. 
This distinction matters because parts of this paper refer to pedals connected „before‟ or „after‟ 
other pedals. Connecting something „before‟ another pedal means connecting it closer to the 
guitar than the other pedal being referred to. Connecting a pedal „after‟ another pedal means 
connecting it closer to the amplifier in the effects chain. An example of a pedal board with two 
pedals is shown in the artist concept drawing, which is Figure 7 in Section 3.2: Product Layout. 
Pinch harmonic: an intentional high-pitched squeal created by dragging your thumb across the 
string immediately after the pick hits it, abundant in metal music, requires high gain to make 
them as noticeable as they are in metal 
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Thin: a flaw in guitar tone characterized by a sterile sound, or a lack of fullness to notes 
  
 5 
 
2. Market Research 
2.1 Competition Analysis  
 There are many distortion and equalizer pedals on the market today. Examples of similar 
pedals providing these functions include the: Boss Metal Zone, Electro Harmonix Metal Muff, 
MXR Dime Distortion, Marshall Jackhammer, Krank Distortus Maximus, and the MXR Ten 
Band Graphic EQ. The features of these pedals and their prices will be compared to analyze 
existing competition below. Parts of the analysis of competition in terms of effects on guitar tone 
are subjective, and as such reflect the opinions of the group. If schematics were not available to 
the group, the pedal could not be considered as a distortion block in our design.  
Competitor 1:  Boss Metal Zone 
MSRP: $160 
Features: High gain. Three band graphic equalizer. Middle frequency 
selection. Powered by either a 9V battery or an AC adapter. 
 
Cons: No true hardware bypass, which causes the effect to affect the 
guitar signal even when switched off. Much noise is present on the 
distortion when the pedal is switched on, especially when the guitar is 
not being played. The equalization circuitry is not as effective as was 
desired. Price. 
 
 
 
 
Figure 1: Boss Metal Zone Pedal 
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Competitor 2: Electro Harmonix Metal Muff 
MSRP: $119 
Features: High gain. Three band graphic equalizer. Top boost for 
amplifying high frequencies. True hardware bypass. Powered by 
either 9V battery or AC adapter. 
 
Cons: Three band equalization. Unavailable schematics. 
 
Competitor 3: MXR Dime Distortion 
MSRP: $217 
Features: High gain. Three band graphic equalizer. 
Eighteen Volt power supply for more amplifier 
headroom. Middle frequency scoop function 
 
Cons: No true hardware bypass. Three band 
equalization. 18V supply requires two 9V batteries or 
an 18V AC adapter. Price. Unavailable schematics. 
 
 
  
Figure 2: Metal Muff Pedal 
Figure 3: MXR Dime Distortion Pedal 
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Competitor 4: Marshall Jackhammer 
MSRP: $119 
Features: High gain. Two distortion modes, Three band graphic equalizer. 
Middle frequency selection. True hardware bypass. Powered by a 9V battery 
or an AC adapter 
 
Cons: Unavailable schematics. Three band equalizer 
 
 
Competitor 5: Krank Distortus Maximus 
MSRP: $225 
 
Features: High gain. True hardware bypass. Three band equalizer 
 
Cons: Three band equalizer. Price. Unavailable schematics. 
 
 
 
  
Figure 4: Marshall Jackhammer Pedal 
Figure 5: Krank Distortus Maximus 
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Competitor 6: MXR 10-Band Graphic Equalizer 
MSRP: $223 
Features: 10-band graphic equalizer. Input and output 
gains. LED clipping indicator on input and output gain 
sliders. 18V power supply for more amplifier 
headroom, powered by AC adapter 
 
Cons: No true hardware bypass. 18V power supply. 
Unavailable schematics. 
 
2.2 Value Analysis 
 Characteristics of competing products were evaluated based on six characteristics: high 
gain distortion, noise factor, power supply, equalization, bypass mode, and price. These 
characteristics were given a weight value between zero and three to scale each characteristic 
according to importance. Each competing pedal was given a score between zero and three to 
quantify the extent to which they met requirements for each characteristic. Weight and score 
values are clarified in the following tables. 
  
                   Figure 6: MXR 10-Band Equalizer 
 9 
 
 
Table 1: Weights for each criteria 
  
Score Description 
C
h
ar
ac
te
ri
st
ic
 
D
is
to
rt
io
n
 3 High gain, full sounding, perfect for heavy metal guitar 
2 High gain but thin or muddy sounding, lacking in definition 
1 Moderately high gain but not quite enough, full sounding 
0 Not hard clipping, unusable for metal 
N
o
is
e 
Fa
ct
o
r 
3 Quiet when not playing and device is on 
2 Hum on high gain setting when not playing, no hiss or static and silent otherwise 
1 Hum, hiss, and static when not playing 
0 Hum, hiss, static or other noise which is very noticable at all times the device is on 
P
o
w
e
r 
Su
p
p
ly
 3 Device can be powered by either a single 9V battery or an AC adapter 
2 Device is powered by multiple 9V batteries or an AC adapter 
1 Device can only be powered by an AC adapter 
0 N/A 
Eq
u
al
iz
at
io
n
 3 Ten band Equalizer with input and output level adjustments 
2 Less than ten band equalizer that works well, lots of customization available 
1 Less than ten band equalizer that is lacking in usable settings 
0 No equalizer included or equalizer has no useful settings 
B
yp
as
s 
M
o
d
e
 
3 True hardware bypass, a wire shorts input to output when device is off 
2 N/A 
1 N/A 
0 No true hardware bypass, device has buffered bypass and affects tone when off 
P
ri
ce
 
3 Very reasonably priced for the quality and features 
2 Fairly priced for the quality and features 
1 Overpriced for the quality and features 
0 Unacceptably overpriced, inferior quality and features 
 
 
                                                                Table 2: Assigned weights for value analysis 
Characteristic 
Weight 
Assigned 
High Gain 
Distortion 
3 
Noise Factor 2 
Power Supply 1 
Equalization 3 
Bypass Mode 3 
Price 2 
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 Characteristics of the value analysis were prioritized with weights from one to three. A 
weight of one represents a desired trait, a weight of two represents an important trait, and a 
weight of three represents an essential trait. “High gain distortion” was given a weight of three 
because it is essential to a distortion pedal for heavy metal applications. “Noise factor” was given 
a weight of two, because it is something that was strongly considered in evaluating competition, 
but not essential because there are other products on the market to lessen noticeable noise. For 
the purposes of this project, “noise factor” refers to the audible hiss or static that the pedal 
creates when the device is turned on and the guitar is not being played. The “power supply” 
characteristic reflects the efficiency of competitive designs in terms of what power source they 
require to function. This was given a weight of one, because efficiency of the design in terms of 
power use is desired, but not crucial. The desired power source for the pedal is a single 9V 
battery, which is a very common power source for effects pedals. „Equalization‟ was given a 
weight of three because it is crucial to the ability to customize the tone produced by the pedal. 
The ideal equalization out of effects pedals in production is a ten band equalizer with input and 
output levels, as it offers the most customization of sound per commercially available pedal. 
“Bypass mode” refers to the method of bypassing the pedal when it is switched off but remains 
in the signal path between the guitar and amplifier. This characteristic received a weight of three 
because true hardware bypass is crucial to maintain signal integrity when the device is switched 
off. Bypass mode is a binary category, either the evaluated device has true hardware bypass and 
receives a score of a three in that characteristic, or the device has buffered bypass, and receives a 
score of a zero in that characteristic. The „price‟ of competing pedals was given a weight of two, 
because it is important to consider the cost of competition pedals to effectively evaluate them, 
but cost is not an essential design consideration. 
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Table 3: Competitor value analysis 
Product Characteristics  
Image Brand Model 
H
ig
h
 G
a
in
 
D
is
to
rt
io
n
 
N
o
is
e 
F
a
ct
o
r
 
P
o
w
er
 
S
u
p
p
ly
 
E
q
u
a
li
za
ti
o
n
 
B
y
p
a
ss
 
M
o
d
e 
P
ri
ce
 
T
o
ta
l 
S
co
re
 
 
Boss Metal Zone 2 1 3 1 0 1 16 
 
Electro 
Harmonix 
Metal Muff 3 2 3 2 3 2 37 
 
MXR Dime Distortion 2 2 2 2 0 0 18 
 
Marshall Jackhammer 3 1 3 2 3 2 33 
 
Krank 
Distortus 
Maximus 
3 2 3 2 3 0 31 
 
MXR 
10-Band 
Equalizer 
0 3 3 3 0 1 20 
 
Our Pedal Expectations 3 3 3 3 3 3 42 
 
 
        
Boss Metal Zone 
 The Boss Metal Zone received an overall score of 16 on the weighted value analysis 
scale. It received a two for “high gain distortion” because it does have adequate distortion, but 
the tone of the pedal is rather thin sounding, and lacks in overall definition of sound. The pedal 
adds a very noticeable hiss, static, and hum when in bypass mode when the guitar is not being 
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played, so the Metal Zone received a one in the “noise factor” category. It can be powered by 
either a 9V battery or an AC adapter, so it received a three in the “power supply” score. The 
equalization of the Metal Zone is quite generic, even with spending significant time adjusting the 
settings, the group was unable to attain an acceptable sound. The best the Metal Zone offered 
was a thin high frequencies and muddy low frequencies, which was not pleasing to ears of the 
group. The Metal Zone received a score of a one in the „equalization‟ category. This device has 
buffered bypass, which affects guitar tone when the device is off and resulted in a score of zero 
in the “bypass mode” category. The Metal Zone received a score of one in the „price‟ category 
because a suggested retail of $160 is overpriced for a China-built pedal with the features 
provided. 
Note on the Boss Metal Zone: The Metal Zone was built on a breadboard and considered using it 
in our design prior to discovering all of its flaws, as it is a widely used heavy metal distortion 
pedal. The flaws in the Metal Zone will be covered in more detail later, in Section 4.1. 
 
Electro Harmonix Metal Muff 
 The Electro Harmonix Metal Muff received an overall score of 37. This is the highest 
scoring pedal out of the competing pedals researched by the group. This pedal meets or exceeds 
requirements for design characteristics in all except “noise factor,” and „equalization.‟ The Metal 
Muff scores a three on “high gain distortion” because it provides an abundance of gain perfect 
for heavy metal, while still maintaining a fullness of sound and not becoming muddy in the low 
end or thin in the high end. In addition the Metal Muff offers a switchable amplification of a 
narrow band of higher frequencies, which is a functionality commonly used by lead guitarists 
playing live metal concerts to add loudness to guitar solos so that they can clearly be heard by 
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the audience over the rest of the band. The Metal Muff received a two in the “noise factor” 
characteristic due to the hum added to the guitar tone at high gain settings. This hum is 
acceptable because it does not contain any hiss or static and is generally considered normal under 
high amounts of gain. The Metal Muff can be powered by either a 9V battery or an AC adapter, 
so it received a three in the “power supply” score. The equalization of the Metal Muff is very 
effective as a three band equalizer, but it lacks the level of customization of a ten band equalizer, 
so it scores a two in the „equalization‟ category. This device has true hardware bypass, so it 
received a score of a three in the “bypass mode” characteristic. The Metal Muff is reasonably 
priced at a suggested retail of $119 for a full featured, well designed pedal manufactured in the 
United States, so it earned a three in that category. 
 
MXR Dime Distortion 
 The MXR Dime Distortion received total score of 18. High gain distortion is attainable 
with this pedal, but it offers little in terms of customization of sound. It is essentially only one 
amount of distortion, the gain knob does not affect the sound much unlike most pedals, so it 
received a two in the “high gain distortion” characteristic. The Dime Distortion received a two in 
the “noise factor” because it does produce a hum when switched on and the guitar is silent, but 
no hiss or static. This device is powered by 18V DC, and requires two 9V batteries or an AC 
adapter, so it receives a two in the “power supply” category because it requires twice as many 
batteries as a standard pedal. The equalization of this pedal is a three band equalizer, which 
resulted in a score of two in the „equalization‟ section. The Dime Distortion scores a zero in 
“bypass mode” because it is not true hardware bypass. It also scored a zero in „price‟ with a 
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staggering MSRP of $217, as it is an attempt at marketing the sound of a famous guitar player in 
a box, and is priced as such. 
 
Marshall Jackhammer 
 The Jackhammer distortion pedal by Marshall scored a 35 on the value analysis chart, 
with a three in the “high gain distortion” category because it produces a very heavy sounding 
distortion that is full of character. It received a “noise factor” score of one because it creates a 
static and hiss at high levels of gain, along with a hum on the signal. The Jackhammer is 
powered by either a 9V battery or an AC adapter, so it receives a score of three in the “power 
supply” criterion. The three band equalizer in the Jackhammer is effective but not the ideal 10-
band equalizer, so the pedal receives a two in the category of „equalization‟. This product has 
true hardware bypass, earning a three in the “bypass mode” category. The Jackhammer is 
reasonably priced at a MSRP of $119 for its features, and earned a three in the „price‟ category. 
 
Krank Distortus Maximus 
 The Krank Distortus Maximus received an overall score of 33, with a three on “high gain 
distortion” because it provides a well-balanced heavy distortion. The Distortus Maximus 
produces a hum at high gain levels, but no hiss or buzz, so it received a two in “noise factor”. It 
can be powered by either a single 9V battery or an AC adapter so it received a three in “power 
supply”. The Krank has a three band equalizer that functions well so it receives a two in 
„equalization‟. This product uses true hardware bypass, and earned a three in “bypass mode”. 
The Krank received a one for „price‟, and with a MSRP of $225 it is the most expensive 
distortion pedal examined by this value analysis. 
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MXR 10-Band Equalizer 
 The MXR 10-Band Equalizer received an overall score of 18. This product is not a 
distortion pedal, and provides no intentional high gain distortion via hard clipping unlike the 
other pedals, so it received a zero in that category. The equalizer creates no hiss or static when 
switched on, so it received a three in the “noise factor” category. It can only be powered by an 
18V adapter, which earned it a one in the “power supply” category. This device contains a 10-
band equalizer with input and output amplification, complete with LED clipping indicators that 
flash on the input and output gain sliders if clipping occurs at either the input or output amplifier. 
These features earned the MXR 10-Band Equalizer a three in the „equalization‟ category. The 
MXR equalizer contains no true hardware bypass, which resulted in a zero in “bypass mode”. 
With a MSRP of $223 it is the second highest priced pedal reviewed by this value analysis, and it 
received a one in the „price‟ category. 
 
Expectations for Our Pedal 
 Our pedal design ideally should include the best facets of each value analysis criterion, 
earning it a three in every category. It should have a perfect high gain distortion that is not thin or 
muddy. It should not create noise when the device is switched on and the guitar is not being 
played. It should be able to be powered by a single 9V battery, as other industry standard pedals 
are. Our design should include a ten band equalizer. The pedal designed by the group must have 
true hardware bypass, and be priced competitively to enter the market. A pedal containing all of 
these features would earn a score of 42 on the value analysis chart. 
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3. Product Requirements 
3.1 Customer Requirements  
The product should be safe, free of static hazards. It must be able to be interfaced with an 
electric guitar and an amplifier, and should be mechanically stable enough to support plugging 
and unplugging guitar cables, and be able to be turned on and off via stomp switches. All knobs, 
buttons, and externally adjustable parts should be located in logical positions and should be easy 
to adjust. The purpose of this device is to serve as a distortion pedal and an equalizer pedal in 
one enclosure, without losing any functionality that the two separate pedals would have. The 
distortion pedal itself must provide enough gain to be used for a heavy metal guitar sound. 
Analog distortion should be used. There should be a visible indicator that displays when the 
device is on. The device must have true bypass to prevent signal loss when it is off. Unplugging 
the input cable should remove power from the pedal to extend battery life. Price should be 
comparable to a combination of the prices of analog distortion pedals and equalizer pedals of 
similar style. 
3.2 Product Specifications 
 The customer will expect the device will be safe and durable. The box itself should be 
grounded to avoid static hazards. The box edges will also be rounded to avoid sharp edges that 
could possibly be harmful to the user. Most pedals are made from aluminum that is strong 
enough to handle being repetitively stomped on, and light enough to still be portable. It should be 
durable enough to support the input and output cables and stomp switches. These devices will be 
mounted to the sides and top of the box in order to place most of the mechanical stress on the 
box itself. The stomp switches themselves are also mechanically stable to handle the stress of 
being stepped on.  
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The device should interface with an electric guitar on the input side and an amplifier on 
the output side. The signal amplitude out of an electric guitar generally varies between 100mV 
and 1V RMS, or approximately between 140mV and 1.4V peak. The output signal of an effects 
pedal to the amplifier is generally between 0V and 9V. Electric guitars and amplifiers both have 
impedances greater than 1MΩ. These high impedances at the inputs and outputs need to be taken 
into consideration and be matched at both the inputs and outputs of our design.  
There must be sufficient gain available for the device to be qualified as being heavy 
metal distortion pedal. Since the device is analog it will consist only of analog components 
(resistors, capacitors, operational amplifiers, etc.). The signal from an electric guitar pedal 
usually ranges between 0 to 9V and rides on a 4.5V offset. If the guitar signal is applied to an 
amplifier and the signal is amplified beyond the rail voltage then the waveform will be clipped at 
the 0 and 9V rails. If a 140mV signal riding on a 4.5V offset passes through an amplifier with a 
gain of 65, the signal will just start to clip to the voltage rails. Heavy metal requires more gain 
with the least amount of undesired noise. So the gain of the distortion block must be greater than 
65, and low-noise amplifiers will be used.  
The device should be user-friendly with knobs placed in a logical configuration.  Any 
stomp switches should be located on the bottom of the box facing the user. At the top of the box 
there are adjustable gain, volume, and tone knobs. In the center of the device there is an LED to 
indicate when the device is in use. A tri-colored LED will serve the purpose since the pedal has 
two functions.  
The pedal should be multi-functional. The pedal will have a distortion function and a ten-
band equalizer function in one.  It should be optional whether these functions are being used 
separately or at the same time. This will be accomplished using two switches, one for the 
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equalizer circuitry and one for the distortion circuitry. When the device is off there should be no 
signal losses beyond the transmission line losses of the cables and bypass wires. This will be 
accomplished by using true bypass. True bypass is essentially a wire that bypasses the circuitry. 
When the distortion is on and the equalizer is off, the equalizer circuit will be bypassed. When 
the equalizer is on and the distortion is off, the distortion circuit will be bypassed. When both 
functions are off, both circuits will be bypassed with a wire. This bypass circuitry will be 
incorporated into the setup of the two switches.  
The pedal should also have a long battery life. Generally pedals are powered by a 9V 
battery. When the pedal is off it should not drain the battery. To extend battery life a three-
terminal stereo input jack will be used to remove the battery from the circuit when the pedal is 
unplugged.  
The device should be competitively priced to succeed in the current market.  It should be 
of equal price or cheaper than the combined prices of a ten-band equalizer pedal and a distortion 
pedal. Prices of comparable distortion pedals range between $100 and $250. Prices of equalizer 
pedals alone range between $200-$250. Our goal is to produce a pedal to be sold at $350 or less 
since the pedal combines the two functions. A full list of the customer requirements and the 
corresponding product specifications are shown in Table 4.  
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Table 4: Customer Requirements and Product Specifications 
Customer Requirement Product Specification 
Safe, free of static hazard Box grounded, no sharp edges 
Durable Heavy duty stomp switches 
Strong aluminum casing 
Able to be interfaced with an electric guitar 
and amplifier 
Guitar signal amplitude: 100mV – 1V RMS, or 
140mV-1.4V peak 
Guitar impedance: 100MΩ max 
Output signal amplitude: Between 0-9V 
Amplifier impedance: 100MΩ max 
Sufficient distortion for heavy metal Low noise operational amplifiers 
Overall gain: > 65 
Voltage clipping rails: 0-9V, 4.5V offset 
Logical configuration Top: gain, tone and volume knobs 
Middle: tri-colored LED indicator 
Bottom: Stomp switches 
Left: Output 
Right: Input 
Multi-functional Distortion/Equalization 
2 switches 
Minimal signal loss when the device is off True bypass: wire between input and output 
Extended battery life Three-terminal stereo input jack 
Fairly priced < $350 
Analog Analog components (resistors, capacitors, 
operational amplifiers, transistors) 
 
3.3 Product Layout  
 The enclosures of pedals are commonly made from aluminum. Almost all pedals have an 
input jack on the right side and an output jack on the left side. This configuration can vary when 
both input and output jacks are on the same side of the pedal as shown on the equalizer pedal in 
Figure 7. The guitar plugs into the input jack and the signal is distorted through the pedal 
circuitry. The output signal through the output jack is then passed to the guitar amplifier. Many 
guitarists cascade pedals in a configuration known as a pedal board. Figure 7 shows a distortion 
pedal with a ten-band equalizer pedal connected after it on a pedal board. The output of the last 
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pedal on a pedal board goes to the input of an amplifier. Pedals are usually powered by 9V 
batteries or have the option to plug into a wall outlet.  
 
Figure 7: Artist's concept drawing of pedal board consisting of a distortion pedal in front of an equalizer pedal, this is the 
typical configuration for these two pedals in use. 
 On most pedals there are knobs at the top for gain, tone, volume, and equalization. 
Equalization adjusts the bass, middle, and treble frequencies. There is a stomp switch on the top 
that turns the pedal on and off when the user steps on it. When the pedal is off, it is bypassed so 
that the signal flows through it and to the other pedals in the pedal board and to the amplifier. 
There are two bypass methods, either buffered bypass or true bypass, two terms which were 
described in section 1.1. True bypass will be used to fulfill product requirements such that that 
the signal at the input jack of the pedal is shorted directly to the output jack of the pedal 
„bypassing‟ the effects pedal circuitry when the pedal is off.    
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4. Design Background and Experimentation  
4.1 Building of the Boss Metal Zone Pedal 
 The initial design background was inspired by current effects pedals on the market. In our 
market research many different effects pedals that provide distortion and equalization were 
examined. The group expected to gain some practical design experience by building one of the 
well-known and respected pedals on the market called the Boss Metal Zone pedal. 
 The Boss Metal Zone is a distortion pedal that gives users an adjustable range of sounds. 
The circuitry is an analog pedal composed of analog components. It has gain and volume 
adjustment as well as a parametric, three-band equalizer. The complete schematic for the pedal is 
shown in Appendix A.  
 
 
 
 
 
 
 
 
  
 The Boss Metal Zone pedal built on a breadboard is shown in Figure 9. An input jack and 
output jack were connected to the input and output of the pedal circuitry so that a signal from an 
electric guitar could be passed into the pedal and its output could be sent to a guitar amplifier.  
Figure 8: Boss Metal Zone pedal 
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Figure 9: Boss Metal Zone pedal built on a breadboard 
 The pedal built on a breadboard added undesired noise to the signal. This excessive noise could 
be seen in the frequency domain and heard when the output signal was being amplified. Some noise was 
expected since the board has its own capacitance, but not noise of that magnitude. In an attempt to reduce 
noise, filter capacitors were added near the DC power sources and all of the wires were shortened. These 
attempts failed to lessen the noise to an acceptable level.  
 The group examined the output signal at each node with the oscilloscope to observe how each 
block affected the signal passing through. Most of the unwanted noise stemmed from the equalizer 
section. The equalization of the pedal did not function properly. Both the bass and the treble ranges 
existed in parallel to each other in the same feedback loop of an amplifier. The two ranges, when adjusted 
by the knob potentiometers, affected the sound of one another in an undesired way. Also, the parametric 
equalizer seemed to be an unnecessary feature that just allowed one Q value in the middle frequency 
range to be amplified. It made more sense to have multiple Q values in that one frequency range to 
amplified, so other options such as the ten-band equalizer described in Section 4.3 were considered.  
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 The Boss Metal Zone pedal, being a commercial design, exhibits typical functional blocks that 
many pedal designs on the market share. This is actually a con in the design because these stages have 
come to be generic features that all pedals have. Thus sound samples of pedal outputs were reviewed for 
the next design, so a pedal with much better performance and more uniqueness could be built. 
4.2 Building of the Insanity Box  
The next distortion circuit examined by the group was the Insanity Box. The schematic 
for this pedal is shown in Appendix A. Right away we were attracted to the simplicity of design 
of this circuit versus that of the Metal Zone. This circuit consists of three stacked gain stages, 
and not only sounded much clearer, but provided more distortion and far more customization 
than the Boss Metal Zone Pedal, and was much cheaper to implement. The entire Insanity Box 
built on a breadboard and taking up less than half the space of the Metal Zone is shown in Figure 
10. The schematic for the Insanity Box is shown in Appendix A. 
 
 
Figure 10: The Insanity Box Pedal built on a breadboard 
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Figure 11: Operational amplifier gain and diode clipping stages of the Insanity Box 
 
The pedal had some similar circuitry to the Metal Zone, such as an operational amplifier 
gain stage followed by diode clipping, which is common to many distortion circuit designs and is 
shown in Figure 11. However, the Insanity Box allowed for more gain adjustment at this stage 
with a 1MΩ potentiometer in the feedback loop instead of the 250kΩ potentiometer used in the 
Boss Pedal. The diode clipping following this stage was asymmetric clipping using three 1N914 
diodes. An example of asymmetric diode clipping is shown in Figure 12. When the input signal 
is positive and approaches the forward voltage of the diode, the single diode on the left side is 
turned on, or forward biased, and the output voltage is limited to the forward voltage of the 
diode. When the signal is positive, the diode on the left is forward biased and the output voltage 
is limited to the forward voltage of the 1N914 diode, or 0.7V. When the signal is negative, the 
two diodes on the right side are forward biased and the output voltage is limited to -0.7V-0.7V or 
approximately -1.4V minimum below the bias level.  
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Figure 12: Asymmetrical Diode Clipping Signal and Circuit 
 Following the op-amp gain stage and asymmetrical diode clipping there is a CMOS 
inverter gain stage. The inverter gain circuit is shown in Figure 13. This consisted of two un-
buffered CMOS inverters from the CD4049AE chip powered by the 9V rail of our circuit.  
 
Figure 13: Insanity Box CMOS Inverter Gain Stage 
 The input of the CMOS gain stage connected via capacitive coupling to the diode 
clipping stage to isolate the CMOS gain stage from the DC bias of the previous stage. The 
CD4049AE is a hex inverter chip, and as such has four other inverters on the IC that are unused. 
These four unused inverter inputs are grounded to maintain stability of the two that are in use, to 
prevent the occasional pop or click that would be introduced to the guitar signal due to leakage 
inside the IC. As you can see below in Figure 14 the voltage corresponding to a logic high for the 
CD4049AE inverter is approximately 3.5V. There is a potentiometer that sets a bias of the input 
of the first inverter to stop an effect called gating, if the user wishes to do so. Gating is a term 
referring to blocking of a guitar signal once it falls below a certain amplitude threshold. This 
effect is caused by the operation of the inverters. Each inverter converts signals corresponding to 
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a logic low (0-3.5V) to a logic high (3.5V to the voltage supply rail, or 9V for a full battery), and 
a logic high to a logic low. When the CD4049AE converts a logic high to a logic low, it outputs 
the lowest end of the logic low range, or a value of between 0-0.05V.  
 The feedback resistors of each inverter are adjustable via trim pots. The first inverter is 
feedback potentiometer is set at 40kΩ and the second one is set at 43KΩ. The open loop gain of 
the CD4049AE is approximately 30. The resistor in the feedback loop biases the inverter into 
linear region operation, but causes the Miller Effect. The Miller Effect states that a Miller 
resistance can be seen at the input of the inverter, with a value of the feedback resistance divided 
by the open loop gain of the inverter. This means the Miller resistance reflected on the input of 
the first inverter is 40kΩ/30 or approximately 1.33kΩ. This resistance is in series with the 6.8kΩ 
resistor, for a total input resistance of 8.13kΩ. The gain of each inverter is calculated simply by 
dividing the feedback resistance by the input resistance and negating it, which is -40kΩ/8.13kΩ, 
or approximately negative five. There is no input resistor between the two inverter stages, so the 
input resistance is the miller resistance reflected to the input of the second inverter, which is 
43kΩ/30 or approximately 1.43kΩ. The gain of the second inverter is -43kΩ/(1.43kΩ+6.8kΩ), 
or approximately -5.2. The gain of the entire inverter stage is simply the gain of the first stage 
multiplied by the gain of the second stage, which yields a gain of approximately 26 for the 
CMOS inverter gain stage. The CD4049AE has a bandwidth of about 1.5 MHz when operating 
on a supply voltage of 9V, which is plenty for the purposes of this pedal. 
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Figure 14: Before and after the second inverter 
  
 Each CMOS inverter in the CD4049AE package operated in the linear range can provide 
between 30 to 40dB of gain, or between 31.6 to 100 times and at 9V the bandwidth is about 
1.5MHz. The addition of the resistor to the feedback loop limits current to the CMOS. As the 
resistance increases, the gain and bandwidth decrease. The user has the option to adjust the 
resistor to select the right tone for the sound they desire. The input and output impedance of the 
CMOS inverters are high, so following the CMOS stage is the JFET gain stage, shown in Figure 
15 which has a very high impedance input.  
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Figure 15: Insanity Box JFET gain stage 
The 10µF polarized capacitor on the left in the transistor gain stage schematic blocks the 
DC offset of the signal. There is another trim potentiometer that adjusts the signal level before 
the gain stage. The 1MΩ resistor and the 24pF capacitor in parallel create a low-pass filter that 
blocks any frequency beyond 6.631kHz. The transistor gain stage consists of two J201 N-
Channel JFETs. The voltage divider created by the two 1MΩ resistors sets a 4.5 reference 
voltage for the output signal. The drain current of J1 equals the drain current of J2. The equation 
for the drain current of a JFET operating in the active region is shown below, in Equation 1. 
Since the incoming guitar signal is being applied to the gate of J2 and the source of J2 is 
grounded, then the gate-source voltage is equal to the incoming signal VIN. 
ID2 = β (VGS2-VTO)
2 = β (VIN2-VTO)
2  
[Equation
 
1] 
In Equation 1 β is the transconductance coefficient and VTO is the threshold voltage of the JFET 
device. The output voltage is then equal to the combination of the drain current and the 1KΩ 
resistor as described in Equation 2. 
VOUT -0 = ID2 (1KΩ)    [Equation 2] 
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Substituting Equation 1 into Equation 2 yields Equation 3, which is a direct relationship between 
the input and output signal. Equation 3 shows that the output signal increases exponentially as 
the input signal increases. Therefore, the gain (VOUT / VIN) also increases exponentially with the 
input signal amplitude.  
VOUT = β (VIN-VTO)
2
 (1KΩ)   [Equation 3] 
The Insanity Box had many attractive features that will be added to the final design. 
Every gain stage of the Insanity Box was perfect for our desired sound. The adjustable trim 
potentiometers that can be adjusted with a screwdriver when the pedal case is open were also a 
bonus. The user can preset these values at each stage of the circuit to customize their sound to fit 
their own style. 
4.3 Building of the Ten Band Equalizer 
 Next, a ten band equalizer from buildyourownclone.com was built. The way a ten band 
equalizer works is that ten frequencies within the acoustic range of a guitar amplifier are chosen 
by the manufacturer when the equalizer is built. The user is able to adjust the levels of each of 
the ten frequencies using slide potentiometers. More on frequency selection as well as the 
circuitry and modifications are fully explained later on in Section 5.2.4 in the Functional Blocks 
section of the paper. The PCB used to build and test the equalizer was ordered directly from the 
website, and the switch and jack wiring diagram is shown in Figure 16.  
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Figure 16: Ten band equalizer PCB and switch wiring diagram 
 Figure 16 is a bottom view of the PCB. The top view of the PCB is shown in Figure 17. 
Areas for where the slide potentiometers to adjust the ten frequency ranges are highlighted in 
red. Two of the slide potentiometers are for level (volume adjustment) at the input and output of 
the equalizer.  
 
Figure 17: Placement of the slide potentiometers for the ten band equalizer 
 The equalizer was first tested separately from a distortion stage. To do this, wires were connected 
for the battery, ground, input, and output. The circuit was powered by a DC power supply set at 9V. For 
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the input signal a 140mV, 440 Hz signal was applied, which represents the fundamental frequency of an 
„A‟ note from an electric guitar.  
 The signal was observed in the frequency domain. Then the slide potentiometers were adjusted to 
see what happened in the frequency domain. Figure 18 shows the result of all the potentiometers in the 
lowest position except for potentiometer designated for the 3.3kHz range. The frequency with the highest 
amplitude is 440Hz, in the picture below it appears at the very left side of the oscilloscope. The 3.3kHz 
equalizer band being all the way up, which is a gain of approximately five for that frequency. Notice that 
there is a spike in amplitude at this frequency that is roughly five times the amplitude of the noise. This 
boosted frequency also adds spikes at harmonics of 3.3kHz, with each successive harmonic having half 
the amplitude of the previous spike. 
 
Figure 18: The 3.3kHz range amplified by the ten band equalizer 
Similar tests were conducted on other frequency bands and the same results occurred. Multiple 
frequencies could also be adjusted at the same time.  
 The equalizer was connected to the output of the Insanity Box that was already built on 
the breadboard after tests confirmed that the equalizer functioned properly. The input jack was 
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connected to the beginning of the Insanity Box as it had been before. The equalizer was then 
powered by the 9V rail of the Insanity Box circuit and the output jack was connected to the 
output of the equalizer. A guitar signal was then applied and the equalizer functioned as 
expected. Adjustments made to the frequency bands of the signal via the potentiometers 
corresponded to a change in those frequencies of sound coming from the Insanity distortion 
circuit. 
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5. Final Product Design  
5.1 System Architecture  
The overall block diagram for our final design is shown in Figure 19. It consists of a 
power block, a distortion block, a ten-band equalizer, and an LED driver block. There is an 
option to bypass the distortion block, the equalizer block, or both. This is accomplished using 
switches. Switch wiring as well as each individual functional block is described in the following 
sections.  
 
Figure 19:System Block Diagram 
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5.2 Module Descriptions 
A full schematic of our design is shown in Appendix B. It contains the modified Insanity 
Box schematic to include a ten-band equalizer and LED driver logic. The pedal serves two 
functions: it can be used as a distortion pedal, an equalizer pedal, or both. This is accomplished 
using bypass circuitry which is incorporated into two separated switches. Each functional block 
is described in detail in the following sections.  
 
5.2.1 Input and Output Signals 
Each guitar note being played is between 140mV and 1.4V peak-to-peak. The output 
impedance of a guitar is around 1MΩ and must be matched at the input side of our device. The 
impedance of the amplifier is also approximately 1MΩ, the impedance of the amplifier must also 
be matched at the output of our design. The output signal that will be sent to the amplifier from 
our pedal will be between 0 and 9V peak-to-peak. 
5.2.2 Power Block 
The power block of the pedal circuitry consists of a 9V battery and a simple voltage 
divider, consisting of two 10kΩ resistors to provide a 4.5V voltage reference to offset the signal 
midway between the 0 to 9V rails of the amplifiers in the distortion stage. Originally this was 
also designed to supply the 4.5V for the AND gates and inverter chips and power the LED in the 
LED Driver Block, however, after discovering that a simple voltage divider could not be used to 
drive the load of the LED circuitry, a 5V linear drop out voltage regulator (or LDO) was used to 
power this block. The input voltage to the LDO was 9V from the battery and the LDO supplies a 
constant 5V at the output to the LED Driver Block. 
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5.2.3 Insanity Box Distortion Blocks 
For the operational amplifier stage the RC4458 amplifier was used, which is designed 
specifically for low noise applications. A 1MΩ potentiometer was used in the feedback loop in 
the Insanity Box for higher gain. Operational amplifiers have very high input impedances, so 
having an amplifier immediately at the first gain stage accounts for the high output impedance of 
an electrical guitar. The operational amplifier gain stage was followed by asymmetric diode 
clipping and the inverter and the JFET gain stages from the Insanity Box, described in detail in 
Section 3.2, because the sound of the distortion of the pedal was perfect for our application and 
the adjustable trim potentiometers to vary the inverter gain and various levels were more settings 
that the user could adjust.  
5.2.4 Ten-band equalizer  
 For the 10-band equalizer, the equalizer circuit purchased from buildyourownclone.com, 
shown in Appendix A, was built. Two BA3812L 5-channel graphic equalizer chips were used, 
powered by the 9V rail. The audible range for the electric guitar amplifier is between 100Hz and 
6.2kHz, so the equalizer frequencies were chosen to emphasize ten frequencies in this band. The 
following equation describes these frequencies. 
 
𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 =
1
2π 1.2KΩ × 68KΩxC1xC2
 
 
 The 1.2KΩ and 6.8KΩ resistors are internal to the BA3812L chip. Pole frequency values 
chosen within this range were 100Hz, 330Hz, 410Hz, 620Hz, 820Hz, 1kHz, 2.2kHz, 3.3kHz, 
4.1kHz, and 6.2kHz. Notice that the spread is logarithmic, not linear, since at higher frequencies 
the ear cannot differentiate between closer frequencies. Using the equation, the two capacitor 
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values were chosen for each frequency selection accordingly. The capacitor selections 
corresponding to each frequency are displayed in Table 5.  
 
Table 5: Frequency and capacitor value selections for the ten-band equalizer 
Frequency C1 C2 
100Hz 1µF .027µF 
330Hz .33µF .0082µF 
410Hz .27µF .0068µF 
620Hz .18µF .0047µF 
820Hz .15µF .0033µF 
1kHz .1µF .0027µF 
2.2kHz .068µF .001µF 
3.3kHz .033µF 820pF 
4.1kHz .027µF 680pF 
6.2kHz .018µF 470pF 
  
The gain at each pole frequency is then controlled by each of the ten 100KΩ slide 
potentiometers. Each potentiometer is connected to an operational amplifier connected for 
negative feedback with a 470KΩ resistor in the feedback loop. The gain equation for each 
frequency range is shown below. The slide potentiometer value is denoted by the variable „R‟ 
since its value can be manually changed.  
𝐺𝑎𝑖𝑛 =
470KΩ
R
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5.2.5 LED Driver Block 
For the LED driver block logic gates and a tricolored LED were used. This LED has 
three anodes and a common cathode. When a sufficient voltage is applied to each anode, the 
LED will light up one of three colors. The three colors are red, blue, and green. The color green 
represents when only the distortion is in use, red represents when only the equalizer is in use, and 
blue represents when both functions are in use. This is shown in the truth table below.  
Table 6: Truth table for the LED logic 
Inputs Outputs 
Distortion Equalizer Blue Red Green 
0 0 0 0 0 
1 0 0 0 1 
0 1 0 1 0 
1 1 1 0 0 
 
From this truth table the circuitry shown in Figure 20 was derived.  
 
Figure 20: LED logic schematic 
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The LED logic design required two AND gates and three inverters. The three transistors 
are included to not load the output of the AND gates and to provide the supply the correct 
voltage across the LED. The drain of these transistors was connected to 5V through a 200Ω 
resistor (the red anode of the LED itself has a forward resistance of 100Ω) to limit the current to 
5V/(200+100)Ω = 17 mA, which is within the 20mA constant current specification on the 
tricolor LED specification sheet. The source of the transistors are connected each corresponding 
LED anode. The blue and green anodes draw less current because the forward resistance of them 
is 175Ω instead of the 100Ω of the red anode, so they will also be within specification for the 
LED, as they will be exposed to 5V/(200+175) = 13 mA. This was sufficient to light the LED to 
a viewable level. 
5.2.6 Switches 
The 3PDT switches in our design are off-board connections. Our pedal is able to switch 
between the distortion and equalizer modes or have the option to have both functions on 
together. If neither functions are being used, the pedal has true bypass. To accomplish this two 
3PDT (triple pole double throw) switches were used. The switch setup is shown in Figure 21.  
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Figure 21: Switch-wiring diagram 
The middle row of each switch consists of the poles. The top and bottom positions are the 
throws. Since there are two positions that the switch can be in, either all three poles in the up 
position or all three poles in the down position, the switch is three pole double throw, or 3PDT. 
Both of our switches used the convention of up representing that the particular functional block 
is in the on position and down as the block being in the off position, or bypassed. 
 The setups for the distortion and equalizer switches are very similar. The first column is 
designated to the LED logic, the middle row is the inputs to each block, and the last row is the 
outputs of each block.  When all three poles are in the up position, the functional block is on. In 
the on position the LED logic is powered with a high logic level (5V) indicating that the 
functional block is on and to light the LED with the appropriate color. Also in the on position, 
the input and outputs are connected to the inputs and outputs of that circuit block. When the 
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switch is in the off (down position), the LED logic and the input to the functional block are 
grounded, or pulled directly from the circuit. Then the input signal goes straight to the output, 
where the top middle pin is connected to the lower right pin. 
The input to the distortion block is the output signal from an electric guitar. The output of 
the distortion block goes to the input of the equalizer switch for the on position. The input of the 
equalizer is the clean guitar signal when the distortion block is off or the distorted signal coming 
from the distortion block. The output to the amplifier is the clean signal from the guitar if both 
the distortion and equalizer are off, the distorted signal only if the equalizer is off, and the 
equalized signal if only the distortion is off. When either the distortion or equalizer blocks are 
switched off, their inputs are grounded. 
5.2.7 Jacks 
The input and output jacks are off-board connections, similar to the switches. Diagrams 
of both the input and output jacks are shown in Figure 22.  
 
Figure 22: Input jack (right) and output jack (left) 
The input jack is a stereo one-quarter inch guitar jack, consisting of three terminals. The 
sleeve terminal is connected to ground, the ring terminal is connected to the battery ground, and 
the tip terminal is connected to the signal output of a guitar. Guitar cables have one-quarter inch 
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mono plugs at each end, plugging a mono cable into a stereo jack shorts the sleeve and ring 
connections together. This feature connects the battery to the circuit only when a guitar cable is 
plugged into the input of the pedal, because the sleeve of the cable itself connects the sleeve and 
ring terminals of the jack. If the cable is not plugged in, the battery is not connected and is not 
being drained when the pedal is not in use. The output jack is similar to the input jack except that 
it is only a two terminal device that is connected to the output signal and ground. The plugs on a 
guitar cable are mono plugs; an image of a mono plug is shown below, along with the input jack 
and the output jack. 
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6. Product Results   
6.1 System Testing and Results  
 The PCB for our final design was created through ExpressPCB, a PCB manufacturing 
company that provides its own PCB software. A picture of the final PCB design is included in 
Appendix D. When the PCB arrived all of the parts in our circuit were soldered on.  The bottom 
side of the board, the part that will be screwed to the bottom of the box, is shown in Figure 23. 
All of the resistors, capacitors, and integrated circuits are on this side. The trim potentiometers 
are also on the bottom side so the user only has to remove a few screws to open up the box and 
does not have to remove the circuit board to access to them if they wish to adjust them to 
customize their sound.  
 
Figure 23: Bottom view of the PCB with parts soldered on 
After receiving the PCB, a few problems were immediately discovered with the design. 
First, the distance between holes for the terminals of the slide potentiometers in our equalizer 
circuit were miscalculated. Also, the holes on the PCB were not large enough in diameter to fit 
the pins of the potentiometers. To fix this problem offset pins were soldered to the holes so they 
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could be slightly bent to compensate for the measurement problems. Figure 24 shows the offset 
pins. Then the slide potentiometer pins were soldered to the sides of these offsets.  
 
Figure 24: Offset pins to correct potentiometer errors 
After all of the parts were soldered onto the PCB, testing on the distortion block of our 
circuit took place by putting the output jack to the amplifier directly to the output of the 
distortion circuitry. Initially there were some problems with the tone potentiometer after it had 
been soldered multiple times, so it was replaced. The distortion circuit sounded better than when 
it was tested breadboard because there was less capacitance in the board itself than that of the 
breadboard. The equalizer block was tested by soldering the input jack straight into the input of 
the equalizer circuitry and the output jack to the output of the equalizer circuit, and testing this 
configuration with an electric guitar signal. It was found that there was no output signal being 
sent to the amplifier from the equalizer block. To debug the circuit first our solder connections 
on the jacks were rechecked. Then the PCB design was checked again to ensure that the 
placement all of the traces were correct. After verifying that the PCB design and the jacks were 
correct the slide potentiometers were examined further.  
The datasheet of the potentiometers were inspected and it was found that the 
potentiometers had been wired in backwards. Two rows of pins on the potentiometers needed to 
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be crossed for ten out of the twelve slide potentiometers in our equalizer circuit. To fix this 
problem, the slide potentiometers for the equalizer block were soldered onto a perf board and 
then crossed the wires underneath and soldered them into the offsets. A bottom view of the perf 
board is shown in Figure 25. The potentiometers are soldered to the top side of the perf board 
and the two rows of wires on the left side in the picture are to be crossed over into the offset pins 
on the PCB. At this point only one of these rows had been soldered.  
 
Figure 25: Bottom view of the perf board with the equalizer slide potentiometers 
In the final design the the offset pins were desoldered and the wires were soldered 
directly to the PCB holes. This was because the wires underneath were being bent at angles to fit 
the offset holes which was putting pressure on the solder joints and the wires themselves, causing 
some of the wires to break and making it difficult to debug if something went wrong. Removal of 
the offset pins caused the broken pads on the PCB which needed to be repaired. In the process, 
there were touch-ups on some of the weak solder connections and found a polarized capacitor 
that was swelling. Also, a capacitor had been soldered in backwards was replaced. 
A top view of our PCB before the switch wiring and bypass circuitry is shown in Figure 
26, showing the entire perf board connected and offset from the PCB. It also shows the gain, 
tone, and volume potentiometers which are off-board connections.  
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Figure 26: Top view of the final PCB before switch wiring 
Figure 27 shows the bottom view of our final PCB before switch wiring. The green wires 
will be connections to the switches. The wires coming off the left and the right sides of the PCB 
are for the input and output jacks which are also off-board connections.  
 
Figure 27: Bottom view of the final PCB before switch wiring 
When the slide potentiometers were placed correctly an output signal was obtained from the 
equalizer block, however, there was a loud squealing noise when one of the potentiometers was 
slid past a certain point. The squealing noise may have been caused by a dirty potentiometer or a 
bad connection on the perf board or the PCB.  
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When the LED circuitry was tested using one of the switches, it was discovered that it 
worked but the LED was far too dim. The next logical thing to test was the voltage being 
supplied to our LEDs when they were supposed to be on and it was found that our 4.5V rail was 
reading 2.2V on the digital multimeter. This is because this “rail” was not really a rail at all, it 
was actually designed to be a 4.5V reference. The 4.5V reference was set by a simple voltage 
divider consisting of two resistors in series and was not meant to be loaded, and could not power 
the LED circuitry. The 4.5V reference issue was fixed by cutting the trace that connects the 
reference point to the LED driver circuitry and the LED, and replacing it with a 5V linear drop 
out regulator. This made the LED much brighter because the LDO supplied the proper voltage to 
the LED circuitry, and took the load off the reference point.  The LDO used can supply up to 
150mA, which is much more current than our LED block requires. The 4.5V reference was still 
used to offset the signal midway between the 0-9V rails of the operational amplifier in the 
distortion block.  
When the switches were wired up and the distortion and the equalizer blocks were tested 
again, it was found that the circuit was making a kind of phasor-like sound that seemed to be 
sweeping in frequency. It was concluded that the extra noise was created by the wires from the 
switches and the other off-board connections that were acting as antennae and picking up 
electromagnetic fields from other nearby electronic devices and the lighting of the room. This 
problem was solved by placing the circuit in an enclosure, or the metal case of the pedal to block 
outside disturbance. Also at this point, the distortion block was no longer working properly. 
When switched on, the distortion could still be heard because part of the signal was passing 
through to the amplifier, but there seemed to be an intermittent connection somewhere in the 
distortion block. By following the signal path with a multimeter and moving the output jack to 
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different parts of the distortion block it was found that the problem lied in a broken 
potentiometer that was used to control the volume. The potentiometers used for the gain, volume, 
and tone knobs of the distortion block were much more temperature sensitive than expected. 
They are very mechanically stable and this mechanical stability had been misinterpreted as 
thermal resistance also, which caused us to solder and resolder these potentiometers for different 
uses along the design process without caution to how many times they were soldered to. The 
material that connects the leads of the potentiometer to the internal parts of them is extremely 
temperature sensitive and can survive only a few exposures to the high heat necessary for 
soldering and desoldering. This potentiometer was replaced and the distortion circuitry resumed 
working as it had been before.  
6.2 Final Touches  
The enclosure that was chosen to house our PCB was an aluminum box with dimensions 
of 7.5”x4.3”x2.4” because the PCB itself was 7”x3”x1½” and extra room was needed on the 
sides and bottom to mount the switches, jacks, and potentiometers. All of the places on the box 
where the holes would need to be drilled were measured and marked. The most difficult obstacle 
was drilling the holes for the twelve slide potentiometers in the equalizer block. They were 
measured several times before they were cut and they still ended up having to be extended by an 
extra half an inch. Then holes were drilled on the top for the volume, gain, tone potentiometers, 
LED, and stomp switches. The final product is shown in Figure 28. Notice that the LED is blue 
indicating that both the distortion and the equalizer functions are in use.  
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Figure 28: Final pedal in case 
The most convenient way to place the jacks was to run the two jacks out of the back of 
the box, because there was not enough room on the sides of the box. The first holes that were cut 
for the jacks were too high because it wasn‟t taken into consideration that the full height of the 
bottom of the potentiometers for the gain, tone, and volume knobs. To correct this, the holes 
were drilled directly beneath the original holes.  Figure 29 shows the input and output jacks in 
the back of the box. Here only the input jack is connected to a cable from the guitar, to allow 
demonstration of the LED function indicator. This is connected because the input cable must be 
connected to connect the battery to the pedal to power it. Figure 30 shows the pedal in the same 
switch settings without the input jack plugged in, and the LED is off because the battery is 
removed from the circuit when a cable is not plugged into the input jack which saves power. 
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Figure 29: Input and output jacks mounted to the box, the LED is green which indicates that the distortion block is switched 
on and the equalizer block is in bypass. 
 
Figure 30: LED indicator light is not lit even though the bypass switches have not been adjusted since the previous picture, 
because the input cable has been removed from the pedal removing power from the circuit. 
 
Standoffs were used to stabilize the perf board with the equalizer slide potentiometer to 
the PCB and mounted this board to the top of the box with screws. A production model of this 
pedal would have shorter screws holding the perf board to be more aesthetically pleasing. Then 
four additional holes were drilled in the bottom of the box to mount the PCB on the bottom. The 
screws at the bottom come up through the bottom of the box and through the PCB mounting 
holes inside the box as shown in Figure 31.  
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Figure 31: Standoffs and screws mounting the PCB to the bottom of the box 
When the box is opened, the user has access to the trim potentiometers to adjust the gain 
stages in the distortion block. Figure 32 displays the bottom of the box with the cover unscrewed. 
The trim potentiometers are the short blue devices on the left.  
 
Figure 32: Inside the box 
Since this was a prototype, the battery clip remains inside the box, however if our device 
was marketed the battery would be accessible to the user from the outside of the box. 
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7. Cost Analysis  
7.1 Initial Investment 
The final parts list for our design is shown in Appendix C. The total cost of parts to build 
our design was $47.84. However, after compensating for the cost of manufacturing and 
repayment to investors and retailer markup, the shelf price is generally 400% more than the cost 
of one unit. This means that the shelf price of our product will be approximately $191.36. This 
would be ideal to set our product at to compete with other multi-functional pedals on the market. 
In the Product Specifications section (Section 2.2), the approximated price of the pedal was 
about $350, to compete with the combined price of a distortion pedal and a ten-band equalizer 
pedal sold separately. If our device were marketed, the parts would be bought in bulk since it is 
cheaper per part, so the parts list in Appendix C also includes bulk prices. It would cost $37.11 
per unit to produce 100 units, $33.59 per unit to produce 500 units, $30.43 to produce 1,000 
units, and $26.74 to produce 5,000.  
The initial amount that an investor would need to provide to us depends on a few factors. 
First of all at least four employees would be needed to take care of the finances, legal situations, 
human resources, and payroll. Our company would need to pay these employees for the first 
month, so if these employees were earning $60,000 per year or $5000 each per month, then at 
least $120,000 would be needed for the first six months of employment costs. In addition, a stock 
of about 5,000 units will be necessary to start the company. These 5,000 units priced at $26.74 
each will cost $133,700. Also $3,000 is estimated for a new rental space and for 6 months of rent 
will be $18,000. The company would need about $20,000 for advertising and another $28,300 
for additional overhead costs such as office supplies and any other costs that may arise to ensure 
that the company has a successful start. This makes the initial investment an even $320,000.   
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7.2 Return on Investment (ROI) 
Our Return on Investments (ROI) chart is shown in Figure 33. The black line shows the 
initial $320,000 investment. The product will be put on the market about 5 months after the 
company is started because there needs to be time designated to produce the units, to find 
employees, and to settle in a place where the company will be started. The red, green, and blue 
lines represent the company income when the product is put on the market 5 months after the 
initial investment is received. 
 
Figure 33: Return on Investment (ROI) Chart for our Product 
 
 This Return on Investments chart shows that if 100 units it would take about two years to break 
even. However, if just 200 pedals sold per month, the company would break even in ten months. Usually 
investors want to see this behavior happen within two years of the product being on the market, so this 
would please the investors if this were to happen in a ten month period. Also, selling 200 pedals per 
month will not be a hard goal to accomplish since our pedal is high quality and the shelf price is very 
cheap. If 500 units were sold per month the company would break even almost right away after the 
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product is put on the market. It would only take about 7 months, or two months after the pedal is on the 
market, for the company to break even. 
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8. Failure and Hazard Analysis 
8.1 Safety Considerations  
If the pedal was to go on the market, it would have to comply with the Underwriters 
Laboratory (UL) and the Institute of Electrical and Electronics Engineers (IEEE) for safety and 
reliability. Any customer that is buying a product expects their purchase to be safe and free of 
static hazard. Devices that follow these guidelines will pass certain tests that certify products as 
safe. The National Electrical Safety Code (NESC) is a division of the IEEE that deals with the 
safety of products.  
To prevent injury, the edges of the aluminum casing are dull and rounded off with no 
sharp edges. Sharp edges could result in injury when the pedal is being held or carried. The box 
purchased for our design already had rounded edges. When the holes were cut in the top and 
sides of the box, the insides of the holes were filed down to remove sharp edges. If the product 
were to be manufactured in bulk, the box would be designed in a similar safe manner.  
One of the biggest concerns about safety amongst electronics is the possibility of electric 
shock. A rule called “Protective grounding or physical isolation of non-current-carrying metal 
parts” in the  2007 NESC states that “All metallic guards including rails, screen fences, etc. 
about electric equipment shall be effectively grounded.” (NESC, 39) To eliminate any static 
hazards to the user, the box was grounded from the inside. There are clearances of at least a 
quarter of an inch between all sides of the PCB and the box, preventing any electric signal on the 
PCB from flowing through the box itself. If the user were to open the box and adjust the trim 
potentiometers, no hazard would occur because all wires and traces inside are well-insulated. 
Further precautions could be taken to add a protective layer of a non-conductive material such as 
rubber or sponge to absorb any exterior shock.  
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  The NESC also states that components should be “of suitable voltage and ampere rating 
for the circuit in which they are installed” (NESC, 63). All parts of the circuit are designed to 
exceed component specifications. For example, the 5V LDO can supply 150mA when the driver 
block of the circuit draws less than 20mA. Also, half-watt resistors and 50V capacitors were 
used in our prototype, which is much more power handling capability than the components will 
encounter in the circuit.  
8.2 Reliability  
 Another division of the IEEE is dedicated to the reliability of electronic devices. This 
covers the reliability of the product to suit the needs of the customer and that the lifetime of the 
product is reasonable for its application. Reliability was taken into consideration in the pedal 
design and the pedal is expected to have a long lifetime. 
 It was considered that the pedal will be repetitively stomped on by the user. Due to the 
strain imposed on the device by this, the pedal is composed of parts such as the stomp switches 
and the input and output jacks that are built to handle this repetitive mechanical stress. The 
stomp switches and jacks were special ordered from an effects pedal manufacturing website to 
ensure that they were designed to function properly in our design. The jacks are built to handle 
the mechanical stress of plugging and unplugging the cables. The aluminum casing that the PCB 
is mounted to is strong enough to handle the stress being applied to it. Most of the mechanical 
stress is applied to the box itself because the off-board connections such as the jacks, switches, 
slide potentiometers, and knobs are all mounted to the case.  
 Temperature is a main factor that could affect the reliability of the electrical components. 
Heat is produced by current flowing through internal parts. When operating, each of components 
 56 
 
generates heat which accumulates in the sealed case of the pedal. The inner temperature of 
electronic devices can weaken components and shorten their lifetime.  
 The ambient temperature of the enclosure affects the lifetime of the components of the 
device. The PCB was designed with sufficient clearance between components to ensure each 
component has sufficient air circulation and help prevent overheating. Offsets were used for 
sensitive components so that the components were not directly soldered to the board and were 
never exposed to the high temperatures of soldering. 
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9. Recommendations  
9.1 Device Marketability 
No product exists on the market today with the full functionality of our pedal. Distortion 
pedals on the market today have much less complex equalization, mostly three or less band 
equalizers. Many distortion pedals are not even true bypass and have inferior generic sounding 
distortion that lacks character. The only competing distortion pedals out of the ones examined in 
the market research section that even close to compare to the full sound and amount of heavy 
distortion of our pedal are the Electro Harmonix Metal Muff, the Marshall Jackhammer, and the 
Krank Distortus Maximus. The Metal Muff and the Krank both have retail prices of $225, 
putting each of them more expensive than our entire pedal. The Marshall Jackhammer retails at a 
competitive $119, but it adds far too much noise to the signal at high gain settings than 
acceptable, and doesn‟t provide as much distortion as our pedal unless you drive it with another 
gain stage by putting another pedal in front of it. Both the Metal Muff and the Krank add a 
noticeable amount of noise to the signal at high gains when the guitar is not being played also. 
The only way to compensate for this added noise would be to purchase another effects pedal 
called a noise gate, which blocks all signal below a certain amplitude threshold from getting 
through the output of it and ultimately to the amplifier.  
Even a thin or muddy sounding distortion can be improved upon with the addition of a 
properly adjusted ten band equalizer placed in a pedal board after it. Equalization is extremely 
useful in customizing guitar tone and compensating for the shortcomings of other effects or 
circuits the pedal boards or amplifiers of guitarists. Ten Band equalizer pedals offer the most 
customizable equalization in any effects pedal on the market today, but these pedals do not 
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contain distortion circuitry, and are very expensive. Our pedal offers both a high gain distortion 
ideal for heavy metal and a ten band equalizer in one enclosure, with true bypass for both. 
The distortion block of our pedal is more adjustable and provides more distortion than 
any competing pedal that was examined in the market research section. The distortion block of 
our pedal contains multiple gain stages connected in series for maximum distortion. If the user 
wishes to, they may open the bottom of the pedal and adjust the individual gains and levels of the 
gain stages to further customize their sound. The CMOS gain stage of the distortion block 
actually functions as a noise gate, which is a device that many guitarists put in their pedal board 
after high gain distortion pedals because they block unwanted noise added to the signal when 
distortion pedals are switched on and the guitar is not being played. A perfect high gain metal 
sound out of the distortion block alone was achieved. The Equalizer block of our pedal provides 
14dB of gain or attenuation to each frequency with reference to the amplitude of the input signal.  
 Comparable equalizer pedals on the market provide the same functionality at a price that 
is greater than the estimated retail cost of our entire pedal. The only features that the equalizer 
examined has that are not featured in our design would be easy to implement in future revisions 
of our pedal. One of these features is flashing LEDs on the input and output potentiometers to 
indicate when the input or output stage is clipping, to notify the user to turn the corresponding 
slide potentiometer down to prevent any undesired clipping from affecting their guitar tone. The 
other feature is the ability to plug into a wall outlet. The ten band equalizer examined adjusts the 
amplitude of frequencies that cover the entire audible spectrum for humans, even though for 
most guitar purposes up to 6.1 kHz is sufficient, because most speakers in guitar amplifiers cut 
the signal significantly for frequencies over 5-6kHz.  
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9.2 Future Projects 
Our pedal is capable of being adjusted for different frequency values if future market 
research deems that a wider frequency range is necessary. The frequencies are set by capacitor 
arrangements in the equalizer block, altering the equalization frequencies would be as simple as 
changing two capacitors per frequency to be adjusted, and this change would have no other effect 
on the circuit other than changing equalizer frequencies. 
The only functionality that separate distortion and equalizer pedals have over our pedal 
that combines the two is that two separate pedals can be hooked up in two ways: distortion and 
then equalizer, or equalizer and then distortion. Our pedal can only be hooked up distortion and 
then equalizer, if both blocks are to be on. This can be changed by adding more switching 
circuitry to allow either the equalizer or the distortion pedal to be selected as the first circuit for 
the guitar signal to be sent to inside of the pedal. Generally, most guitarists put equalizer pedals 
after distortion pedals though, because equalization has the most effect on tone in that 
configuration. 
More possible future added functionality includes the addition of an AC adapter jack to 
the pedal, so that it may be powered by a wall outlet and would not require batteries. This would 
require some circuit design consideration to bypass the battery when the device is plugged into 
the wall. Another improvement could be the implementation of a battery voltage indicator 
combined with a LM555 oscillator on power supplied to the LED anodes. This would serve as a 
low battery indicator by flashing the LED when the battery voltage drops below 7.2V, which is a 
common voltage of a near dead 9V battery. If this oscillator circuit is placed in the right place, it 
the LED driver block will still function and the correct color will still shine to indicate which 
blocks of the circuit are turned on, but that color will flash. This allows for a low battery 
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condition that only uses the LED that already exists in the pedal, without adding further LEDs to 
the circuit. Also, the LED flashing instead of staying on would consume less  power than the 
normal condition of the LED always being on, which would be beneficial to extend the battery 
life longer by using less power when the battery is low. 
Another experimental addition to our design could include changing the resistor and the 
capacitor in the feedback loop of the operational amplifier in the equalizer block to increase the 
gain available at each equalizer frequency, to allow the user to push the equalizer into clipping at 
individual frequencies, if they desired. Clipping of the signal causes more distortion to be 
available to the user only if they decide to use it. If the resistor and capacitor are changed to 
1MΩ and 47pF, respectively, then the RC constant for the feedback loop of the amplifier 
remains the same as before the change, and the gain or attenuation of each frequency from 
approximately four (or 14dB with respect to the input signal magnitude at the input of the 
equalizer stage) to 11 (or 20dB with respect to the input signal magnitude at the input of the 
equalizer stage). 
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10. Conclusion 
 The task undertaken of building a distortion pedal with a ten band equalizer, with 
functionality comparable to existing pedals on the market today is one that is undertaken by 
teams of specialized and experienced engineers, with resources far exceeding that available to 
our group as students. A WPI education provides the foundations for continued learning through 
practice in the workplace. This project represents our abilities and our research to this point, and 
serves as the culmination of our education and our transition from students to engineers. 
Knowledge necessary to build a functioning and marketable distortion pedal is not contained in 
any lecture or textbook. 
 As students, our abilities have been tested with many obstacles encountered and 
overcome from the research of the Boss Metal Zone through the final implementation of the 
project. The resolution of problems on a timely basis while maintaining a schedule for product 
completion is an integral aspect of the design process. Time must be budgeted as much as funds 
for materials, as engineers‟ time costs money and contributes to design costs of a product. 
Design costs translate into product cost, which affects product marketability, or the ability of the 
product to compete in the market. Deployment of a product into the market is a very calculated 
process in professional companies. The time that a product is to be placed on the market is 
carefully calculated by marketing departments to maximize profit. Delays caused by poor time 
management or excessive use of budget funding will affect the ability of the product to adhere to 
this calculated market deployment date, and will result in loss of profit. 
 Problems existed but were overcome by the group by the end of the design process. A 
prototype with functionalities beyond many other similar competing products was produced on 
schedule. Future improvement potential of the pedal is outlined for further development of this 
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product beyond what has been accomplished in this product. With some optimization, it is our 
belief that our product would be in the position to be a very competitive product in the guitar 
effects market. 
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A. Appendices 
Appendix A: Research Schematics 
Boss Metal Zone 
 
Figure 34: Boss Metal Zone schematic - Part 1 
 
 
 
 
 
  
 
Figure 35: Boss Metal Zone schematic - Part 2 
 
Figure 36: Boss Metal Zone schematic - Part 3 
  
 
Insanity Box 
 
Figure 37: The Insanity Box diction circuitry, our settings for the trim potentiometers are shown in parenthesis 
 
Ten-Band Equalizer from buildyourownclone.com 
 
 
Figure 38: Ten-band graphic equalizer design 
 
 
 
  
  
Appendix B: Full Schematic 
 
 
  
  
  
Appendix C: Full Parts List  
Distributor Part Description Unit Price Quantity Total  100 Total 500 Total 1000 Total 5000 Total 
Mouser 4.7KΩ 1/4Watt Res. $0.09 1 $0.09 $0.09 $0.09 $0.09 $0.09 $0.01 $0.01 $0.01 $0.01 
Mouser 470kΩ 1/4Watt Res. $0.09 2 $0.18 $0.09 $0.18 $0.09 $0.18 $0.01 $0.02 $0.01 $0.02 
Mouser 100Ω 1/4Watt Res. $0.09 1 $0.09 $0.09 $0.09 $0.09 $0.09 $0.01 $0.01 $0.01 $0.01 
Mouser 1.1KΩ 1/4Watt Res. $0.09 1 $0.09 $0.09 $0.09 $0.09 $0.09 $0.01 $0.01 $0.01 $0.01 
Mouser 6.8KΩ 1/4Watt Res. $0.09 1 $0.09 $0.09 $0.09 $0.09 $0.09 $0.01 $0.01 $0.01 $0.01 
Mouser 1MΩ 1/4Watt Res. $0.09 4 $0.36 $0.09 $0.36 $0.09 $0.36 $0.01 $0.05 $0.01 $0.04 
Mouser 1KΩ 1/4Watt Res. $0.09 1 $0.09 $0.09 $0.09 $0.09 $0.09 $0.01 $0.01 $0.01 $0.01 
Mouser 100KΩ 1/4Watt Res. $0.09 1 $0.09 $0.09 $0.09 $0.09 $0.09 $0.01 $0.01 $0.01 $0.01 
Mouser 39KΩ 1/4Watt Res. $0.09 1 $0.09 $0.09 $0.09 $0.09 $0.09 $0.01 $0.01 $0.01 $0.01 
Mouser 10KΩ 1/4Watt Res. $0.09 2 $0.18 $0.09 $0.18 $0.09 $0.18 $0.01 $0.02 $0.01 $0.02 
Mouser 200Ω 1/4Watt Res. $0.09 2 $0.18 $0.09 $0.18 $0.09 $0.18 $0.01 $0.02 $0.01 $0.02 
Mouser 6.8KΩ 1/4Watt Res. $0.09 2 $0.18 $0.09 $0.18 $0.09 $0.18 $0.01 $0.02 $0.01 $0.02 
Mouser 2.2MΩ 1/4Watt Res. $0.09 1 $0.09 $0.09 $0.09 $0.09 $0.09 $0.01 $0.01 $0.01 $0.01 
Mouser 470Ω 1/4Watt Res. $0.09 1 $0.09 $0.09 $0.09 $0.09 $0.09 $0.01 $0.01 $0.01 $0.01 
Mouser 22uF Polarized Cap. $0.18 2 $0.36 $0.08 $0.16 $0.05 $0.10 $0.04 $0.08 $0.03 $0.07 
Mouser 1uF Polarized Cap. $0.20 1 $0.20 $0.09 $0.09 $0.06 $0.06 $0.05 $0.05 $0.04 $0.04 
Mouser 100uF Polarized Cap. $0.18 2 $0.36 $0.16 $0.32 $0.14 $0.28 $0.10 $0.20 $0.07 $0.14 
Mouser 10uF Polarized Cap. $0.22 3 $0.66 $0.09 $0.27 $0.06 $0.18 $0.05 $0.14 $0.04 $0.12 
Mouser 100pF CD Cap. $0.05 1 $0.05 $0.05 $0.05 $0.03 $0.03 $0.02 $0.02 $0.02 $0.02 
Mouser 470pF CD Cap. $0.10 1 $0.10 $0.10 $0.10 $0.06 $0.06 $0.04 $0.04 $0.03 $0.03 
Mouser 680pF CD Cap. $0.11 1 $0.11 $0.11 $0.11 $0.06 $0.06 $0.05 $0.05 $0.04 $0.04 
Mouser 820pF CD Cap. $0.17 1 $0.17 $0.17 $0.17 $0.11 $0.11 $0.10 $0.10 $0.08 $0.08 
Mouser .001uF film Cap. $0.12 1 $0.12 $0.12 $0.12 $0.12 $0.12 $0.99 $0.99 $0.89 $0.89 
Mouser .0027uF film Cap. $0.16 1 $0.16 $0.16 $0.16 $0.16 $0.16 $0.16 $0.16 $0.15 $0.15 
Mouser .0033uF film Cap. $0.10 1 $0.10 $0.10 $0.10 $0.10 $0.10 $0.10 $0.10 $0.09 $0.09 
Mouser .0047uF film Cap. $0.17 1 $0.17 $0.09 $0.09 $0.09 $0.09 $0.08 $0.08 $0.08 $0.08 
Mouser .0068uF film Cap. $0.23 1 $0.23 $0.17 $0.17 $0.13 $0.13 $0.10 $0.10 $0.07 $0.07 
  
Distributor Part Description Unit Price Quantity Total  100 Total 500 Total 1000 Total 5000 Total 
Mouser .0082uF film Cap. $0.07 1 $0.07 $0.06 $0.06 $0.05 $0.05 $0.04 $0.04 $0.04 $0.04 
Mouser .01uF film Cap. $0.29 2 $0.58 $0.18 $0.36 $0.18 $0.36 $0.14 $0.28 $0.13 $0.26 
Mouser .11uF film Cap. $0.08 1 $0.08 $0.06 $0.06 $0.05 $0.05 $0.04 $0.04 $0.04 $0.04 
Mouser .018uF film Cap. $0.07 1 $0.07 $0.06 $0.06 $0.04 $0.04 $0.04 $0.04 $0.03 $0.03 
Mouser .02uF film Cap. $0.19 1 $0.19 $0.10 $0.10 $0.09 $0.09 $0.06 $0.06 $0.04 $0.04 
Mouser .027uF film Cap. $0.07 2 $0.14 $0.05 $0.10 $0.04 $0.09 $0.04 $0.08 $0.04 $0.07 
Mouser .033uF film Cap. $0.13 1 $0.13 $0.12 $0.12 $0.10 $0.10 $0.09 $0.09 $0.07 $0.07 
Mouser .068uF film Cap. $0.12 1 $0.12 $0.11 $0.11 $0.09 $0.09 $0.08 $0.08 $0.06 $0.06 
Mouser .1uF film Cap. $0.21 6 $1.26 $0.18 $1.08 $0.14 $0.85 $0.12 $0.74 $0.11 $0.63 
Mouser .15uF film Cap. $0.08 1 $0.08 $0.06 $0.06 $0.05 $0.05 $0.04 $0.04 $0.04 $0.04 
Mouser .18uF film Cap. $0.26 1 $0.26 $0.22 $0.22 $0.17 $0.17 $0.15 $0.15 $0.13 $0.13 
Mouser .27uF film Cap. $0.13 1 $0.13 $0.11 $0.11 $0.09 $0.09 $0.08 $0.08 $0.06 $0.06 
Mouser .33uF film Cap. $0.18 1 $0.18 $0.15 $0.15 $0.12 $0.12 $0.10 $0.10 $0.09 $0.09 
Mouser .47pF film Cap. $0.25 1 $0.25 $0.21 $0.21 $0.17 $0.17 $0.14 $0.14 $0.12 $0.12 
Mouser 220pF film Cap. $0.17 3 $0.52 $0.17 $0.52 $0.12 $0.35 $0.11 $0.32 $0.10 $0.29 
Mouser 24pF film Cap. $0.26 1 $0.26 $0.17 $0.17 $0.12 $0.12 $0.09 $0.09 $0.09 $0.09 
Mouser 50K Linear Trim Pot. $1.18 1 $1.18 $0.98 $0.98 $0.84 $0.84 $0.73 $0.73 $0.70 $0.70 
Mouser 100K Linear Trim Pot. $0.75 4 $3.00 $0.63 $2.52 $0.60 $2.40 $0.57 $2.28 $0.50 $2.00 
Mouser 50K Audio Pot. $2.95 1 $2.95 $2.45 $2.45 $1.87 $1.87 $1.70 $1.70 $1.56 $1.56 
Mouser 1M Audio Pot. $1.40 1 $1.40 $1.02 $1.02 $0.94 $0.94 $0.88 $0.88 $0.77 $0.77 
Mouser 100K Audio Pot. $1.50 1 $1.50 $1.09 $1.09 $1.00 $1.00 $0.84 $0.84 $0.58 $0.58 
Mouser B100K Slide Pot. $1.13 12 $13.56 $0.79 $9.48 $0.72 $8.64 $0.64 $7.68 $0.46 $5.57 
Mouser 1N914 Diode $0.05 3 $0.15 $0.03 $0.10 $0.02 $0.07 $0.02 $0.06 $0.02 $0.05 
Mouser J201 FET $0.15 2 $0.30 $0.11 $0.22 $0.07 $0.13 $0.06 $0.12 $0.05 $0.11 
Mouser BC549 Transistor $0.10 3 $0.30 $0.07 $0.20 $0.04 $0.13 $0.04 $0.11 $0.03 $0.10 
Mouser CD4049AE Inverter $0.53 1 $0.53 $0.32 $0.32 $0.20 $0.20 $0.17 $0.17 $0.17 $0.17 
Newark RC4558 Op-amp $0.85 1 $0.85 $0.74 $0.74 $0.74 $0.74 $0.74 $0.74 $0.69 $0.69 
Octopart BA3812L EQ $1.89 2 $3.78 $1.89 $3.78 $1.89 $3.78 $1.89 $3.78 $1.89 $3.78 
  
 
Distributor Part Description Unit Price Quantity Total  100 Total 500 Total 1000 Total 5000 Total 
Mouser 74HC08N AND  $0.40 1 $0.40 $0.24 $0.24 $0.15 $0.15 $0.13 $0.13 $0.12 $0.12 
Mouser 74HC04N Inverter $0.40 1 $0.40 $0.24 $0.24 $0.15 $0.15 $0.13 $0.13 $0.12 $0.12 
Mouser 5V LDO LM2390T-5.0 $0.54 1 $0.54 $0.45 $0.45 $0.39 $0.39 $0.36 $0.36 $0.33 $0.33 
Pedal Parts  3PDT Switch $4.00  2 $8.00 $3.00 $6.00 $3.00 $6.00 $3.00 $6.00 $3.00 $6.00 
  TOTAL:     $47.84   $37.11   $33.59   $30.43   $26.74 
   
  
Appendix D: PCB Design 
 
 
Figure 39: Final PCB design 
Text and component outlines are in yellow. The yellow lines are visible on the solder mask layer of the 
PCB.  The PCB is a two-layered board. Red lines indicate traces on the top of the board and green lines 
indicate traces on the bottom of the PCB.  
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Appendix F: Weekly Progress Reports 
Jacqui Richardson 
Nate Osgood 
June-Chi Hong  
Week 3 Progress Report 
This week we finished building the Boss Metal Zone pedal. We followed the circuit at 
each node with a 440Hz, 150mV sinusoidal waveform (an „A‟ note on the guitar) and took 
pictures on the oscilloscope. Then we applied a real guitar signal as an input to our pedal and 
there was significant noise on the signal. Even with no signal applied we observed a significant 
amount of noise when looking at node voltages in the frequency domain. One thing we noticed 
was that the potentiometers caused disruption in the signal when we adjusted them. In an attempt 
to decrease this noise we replaced the potentiometers with resistor values set at the midway 
values, shortened the long wires in our circuit, and added filter capacitors to every power supply 
rail on the board (as suggested by Professor Looft). Our attempts decreased the noise 
significantly, but the guitar signal was still too noisy. We feel that it may have something to do 
with the capacitance of the breadboards. 
 We also noticed that the bass and treble knobs in the equalizer block were not entirely 
independent. We saw that in the frequency domain when we turned up the treble, some of the 
bass frequencies were cut and vice versa. We decided that this block needed to be redesigned and 
started looking into other equalizer options, such as equalizer ICs. Instead of having three 
frequency bands (bass, mid, and treble), we could use two five band equalizer chips to divide the 
frequency ranges into ten bands for more sounds. Although this is a more expensive option, it is 
unique for a pedal to have a ten band equalizer and this functionality adds value to our design. 
  
We have also been looking into other pedals for alternate configuration ideas for functional 
blocks of our pedal.   
Power Block 
 The power block provides a 9V power supply rail and a 4.5V power supply rail from the 
9V rail using a voltage divider (equation shown below). There are two filter capacitors going 
from each power supply to ground and a 9V zener diode to keep the voltage at 9V.  
10𝑘Ω
10kΩ + 10kΩ
× 9𝑣 = 4.5𝑣 
Input Buffer 
 The base is tied to a 4.5V bias through a 1MΩ resistor. The buffer is there to match the 
impedance of the guitar signal coming in.  
  
First Gain Stage 
 The first gain stage consists of an op-amp configured with non-inverting negative 
feedback. The gain equation is (1+Z2/Z1) where Z2 is the parallel impedance of the 47pF 
capacitor and the 1kΩ resistor plus the variable resistance of the potentiometer and Z1 is the 1kΩ 
resistor and 10uF capacitor in series. At very high frequencies, the capacitor acts as a short 
circuit and no amplification occurs. At very low frequencies the capacitor acts as an open circuit, 
and the frequencies are cut due to the high-pass filter configuration of the 1kΩ resistor and 10uF 
capacitor.  
Diode Clipping 
 The 10uF capacitor before the diode clipping stage blocks the DC offset of the signal. 
The signal is then clipped to the forward voltage of the diodes. From lab we measured this to be 
±0.544V.  
Filtering stage 
 The filtering stage emphasizes two specific frequencies. The gain at this stage, like the 
first gain stage, is (1+Z2/Z1) because the signal is non-inverting and connected for negative 
feedback. Here Z2 is the parallel impedance of the 47pF capacitor and the 3.3kΩ resistor. Z1 is 
the total impedance of the transistor network at the bottom. The signal then goes to another op 
amp with negative feedback and an inverting output. This op amp has a gain of -1 and acts as a 
low-pass filter because at very high frequencies the capacitor is shorted. 
Equalizer Stage 
  
 For the equalizer stage we are using two 5-band equalizers to produce a 10-band 
equalizer. The frequency range of 16 kHz is divided into ten bands. Each frequency in this range 
is determined by the capacitor configuration around the chip. The frequencies range from 100Hz 
to 6.2kHz, a common frequency range for guitar. The equation for the Q frequencies in Hertz is 
shown below. 
𝐹𝐻𝑧 =
1
2𝜋 1.2𝑘 × 68𝑘 × 𝐶𝐴 × 𝐶𝐵
 
Output Filtering 
 In this stage there is a potentiometer to change the output level, or volume, of the signal. 
Following the volume control is an emitter follower to match the impedance of an amplifier, 
which is generally about 1MΩ or higher.  
  
  
 We are slightly behind and will most likely need to use the buffer week (Week 7) to 
catch up. We will still make deadline. Below is our current plan for scheduling: 
Week 2: building and analyzing the Boss pedal to understand it conceptually 
Week 3: Use our understanding of the Boss pedal and other research we have gathered to design 
our own distortion pedal 
Week 4: Test and optimize our schematic, order parts, do PCB layout and order PCB 
Week 5: Build and test circuit on PCB 
Week 6: Build or buy an aluminum case and add finishing touches 
Week 7: Buffer time/work on paper/design reiteration 
 
  
  
June Chi Hong 
Jacqui Richardson 
Nate Osgood 
Guitar Distortion Pedal MQP 
Week 4 progress report 
 
In this week, we ordered more parts for our pedal design. Those parts contain a 10-band 
equalizer and distortion design we discovered that contains a clipping circuit and three cascading 
gain stages with simpler op-amp and inverter application. We spent couple of days waiting for 
the parts to arrive. We completed and tested the distortion design on breadboard. We took the 
waveforms for the output of each stage of this design and successfully obtained proper plots as 
we expected. Some noise could still be observed at the final stage. However, after testing it with 
practical guitar signal, we were surprised that this new design provides much cleaner output 
compared to the initial design. There was barely any noise that we could hear. We assumed that 
the smaller breadboard and shorter wires do help reduce the noise for the entire design.  But we 
also realized that with a better design, the noise gate could be even unnecessary before the 
output.  
Due to some unreasonable delay, the 10-band equalizer just arrived yesterday as it should‟ve 
been here last week. We figured that the given box shipped along with the equalizer is incapable 
of containing all parts of our design, so we‟ll have to design a new box on our own. A lot of 
soldering will have to be done in this week to come up with practical circuit on PCB. 
Our next step is to truly design our own circuit based on what we‟ve learn from those designs we 
have examined so far. We think that our final design will have following stages: clipping circuit, 
gain stage(s), equalizer. We‟re now working on designing new power block and switching circuit 
that controls the entire pedal. What we‟d like to see is LED indicators lighting with different 
  
colors as the distortion circuit and equalization circuits in the pedal are on or off. We plan to use 
a tricolor LED with a common cathode to accomplish this. Also, there should be only one power 
block to source everything.  
Next week we‟ll be working on putting the parts we have together to observe how the equalizer 
works with the distortion design. We generally believe that the combination will improve the 
output signal. Once our design is verified this way, we will start working on the PCB design. 
We believe we are on schedule to complete on time, given our buffer week. 
Week 4: Test and optimize our schematic, order parts, do PCB layout and order PCB 
Week 5: Build and test circuit on PCB 
Week 6: Build or buy an aluminum case and add finishing touches 
Week 7: Buffer time/work on paper/design reiteration 
 
  
June Chi Hong 
Jacqui Richardson 
Nate Osgood 
Guitar Distortion Pedal MQP 
Week 5 progress report 
 
In this week, we built the 10-band equalizer on a PCB as a proof of concept to test it interfaced 
with the distortion circuit. We had some issues with this. The first thing that was wrong is that 
we forgot to solder a few components that effectively opened critical signal paths in the circuit. 
When we tested it with a guitar signal, it sounded great out of the distortion circuit, but once we 
listened to the output after the equalizer, the signal was completely attenuated and barely audible. 
This issue was fixed when we soldered the missing components into the circuit. Once this was 
resolved we could hear the output on our speaker, but the equalizer was not as responsive as we 
would have liked, so we changed a resistor value in the feedback loop of an amplifier in the 
equalizer circuit (and changed the capacitor in parallel with it so that the filtering was still the 
same cutoff frequency). With this new resistor, we are able to get more gain per equalizer band 
to make adjustments on the equalizer setting have a more noticeable effect on the sound. This 
worked wonderfully and the sound was much better than expected, until a connection on the 
board failed, and we had to resolder the jacks. In resoldering these jacks, we damaged the solder-
through holes on the PCB accidentally, and now they are intermittent connections. This is not an 
issue because we are redesigning the PCB on our own, to include the entire circuit on a single 
board, so we will not be reusing this PCB for the final design. 
We also designed the distortion circuit PCB layout, and had it examined for design mistakes by 
Pat in the ECE shop, he said everything looked good, as well as gave us basic pointers on PCB 
design. We initially tried using the schematic software for the PCB manufacturer that is capable 
of producing our board within our time constraints, but this proved futile, as it did not contain 
  
even some of the most basic components in its meager component library, and it was not clear on 
the program how to design them. After realizing this, we went straight to PCB design and 
skipped over the schematic portion of the PCB design software.  
We designed the LED driver and the bypass circuitry for our pedal. We decided on a tri-color 
LED for the power indicator, to display which functions of the pedal are active to the user. The 
LED will be off when the pedal is off entirely, when both the distortion circuit and the equalizer 
are turned off. The LED will be green when just the distortion circuit is on, red when just the 
equalizer is turned on, and blue when both the distortion stages and equalizer stages are turned 
on. This functionality is accomplished using 3PDT switches, logic gates, and transistors. 
Our project is becoming closer to the final product. Features can be distinguished out of our 
design that do not exist in any other single pedal of similar types in the market today. These 
features include switchable 10-band equalization that can be toggled independently from the 
distortion, and a unique LED indicator that displays what mode of operation the pedal is in to the 
user. We have also included industry standard features for high-end effects pedals, such as true-
bypass so that the pedal does not affect a guitar signal if it is located in a chain of pedals on a 
pedal board (a common configuration for pedals used by guitarists). 
The next step will be to finish designing the PCB to contain the entire circuit, including all 
blocks, and then order the PCB. While waiting for PCB to arrive, we will start the design of a 
box to contain the circuit, and prepare information for the report. 
We believe we are on schedule to complete on time, given our revised schedule as shown below. 
  
Week 5: Circuit testing and PCB design, Order PCB 
Week 6: Assemble entire circuit on PCB, design box for pedal, perform calculations for paper 
Week 7: Buffer time/work on paper/final touches 
 
 
  
  
Jacqui Richardson 
June-chi Hong 
Nathaniel Osgood 
Week 6 Progress Report 
 This week we finished designing the PCB for our pedal. We checked the schematic over 
several times. We found one misplaced capacitor and fixed it. Then we asked Pat about the 
placement of mounting holes on the PCB. He took us to the shop and showed us the different 
sized screws and standoffs we could use. After placing the mounting holes of the correct 
diameter, we sent the schematic to Express PCB to be made.  
While waiting for the PCB to be delivered, June worked on desoldering the parts on the 
equalizer PCB, while Nate and Jacqui inspected the desoldered parts for damage and started 
gathering information for the final report. An outline of the final report has been completed so it 
will be easier to divide the sections amongst the group. We also ordered a 3PDT switch for the 
distortion.  
We figured out the dimensions for our box that will house our final design. We decided 
on an aluminum case of dimensions 8”L x 4.25”W x 2.5”H. We will first design the box using 
AutoCAD. Once the box is designed, the file will be sent to the Mechanical Engineering 
Department in Higgins Hall where there is a machine that will make our box. There is enough 
scrap aluminum available, so our case will be free to make.  
We are still on schedule and will be completing our design within the following week. 
This afternoon we will download the AutoCAD software and start designing the box. Our final 
PCB should be delivered by tomorrow and June will start soldering it. At the beginning of next 
week we will test and troubleshoot our final design, have the box made, and apply any finishing 
touches to our project.  
  
Week 7: (Originally a buffer week); build and test our final design and complete the box; apply 
finishing touches to the project.  
 
  
  
Nate Osgood 
June Chi Hong 
Jacqui Richardson 
Guitar Distortion Pedal MQP 
Week 8 progress report 
In the past week we attempted to finalize our PCB assembly and ran into significant difficulties 
soldering the equalizer section. These problems were only further compounded when we 
attempted to fix them with our limited soldering skill, considering our team member who did 
most of our soldering is no longer in the country. We soldered the slide potentiometers for the 
equalizer block onto a perf board, and then crossed the wires to fix the problem we discovered 
last week of two of our potentiometer connections being backwards on every slide potentiometer 
in the equalizer block. We originally had pins soldered into the holes on the board because the 
potentiometer leads were too large to fit into the pads that we put in the board when designing it. 
These pins turned out to be a nightmare because we had to solder around the bottom of the board 
and there were far too many wires bent at ridiculous angles, which put pressure on solder joints 
and the wires themselves, and caused some of the wires to break while we were soldering the 
other ends, and everything was so close together that we didn‟t notice until we performed a 
functionality test, and noted that not all of the potentiometers were working correctly. In trying 
to fix this, we soldered and disordered these connections a few times, which only further 
weakened the wires and started lifting pads and damaging traces, due to our limited soldering 
experience. This functionality test also revealed that ten out of the twelve slide potentiometers in 
the equalizer block were functionally backwards, which was another issue with the PCB design. 
In our testing yesterday, we also noticed an ungodly high-pitched squealing noise (note, not the 
desired high-pitched squeal of pinch harmonics, which this pedal reproduces perfectly). This 
noise occurred when we adjusted one of the potentiometers.  
  
Thankfully Professor Labonté found us at the end of the day, and he led us to Bob the 
MANufacturing Genius, who is conveniently located upstairs next to the MQP lab and open 
practically 24 hours. After much bartering and many pelts exchanged, he agreed to completely 
save Nate‟s birthday (today, if you‟re reading this, wish Nate a happy birthday) and fix our 
problems. He also discovered some solder connections that needed reinforcing on the board. 
After assigning us some monkey work removing wires from the perf board we have the 
potentiometers soldered to, he touched up our board, cleaned flux off of it, repaired our broken 
pads (one of which was exploded, because Jacqui rocks at desoldering and we were getting really 
frustrated) and broken traces. He also fixed the equalizer potentiometer directions so that they 
are no longer functionally backwards. To top it off, he did all of this in about as much time as it 
took us to do the monkey desoldering work. He suggested that the squealing noise described 
above could have been caused by a dirty potentiometer. We believe that it is either caused by 
this, or a bad connection somewhere between the perf board and the PCB. We are going to track 
down this issue and fix it this week. We are also still waiting for the box, and then we will 
manually cut and assemble our PCB inside it. We have included a rough outline of our paper for 
your reading pleasure. 
 
  
  
Nate Osgood 
June Chi Hong 
Jacqui Richardson 
Guitar Distortion Pedal MQP 
Week 9 progress report 
At the beginning of this week we were waiting for a 3PDT switch to come in, so we worked on 
the outline for the paper and divided it up into sections for each person to work on. We emailed 
this to June in Taiwan so he could begin working on his sections of paper. When the switch 
arrived, we wired the bypass network and hooked up the LED driver circuitry. 
When we tested our LED circuitry, we discovered that it worked but it was far too dim. The next 
logical thing to test was the voltage being supplied to our LEDs when they were supposed to be 
on, and we found that our 4.5V “rail” was really a 4.5V reference. This was quite a mistake. Our 
4.5V reference was set by a simple voltage divider consisting of two resistors in series. This 
serves fine as long as you‟re not loading the 4.5V point (such as trying to drive an LED and 
power ICs with it, like we were). Thanks to Professor Bitar for pointing this out for us. We have 
run into Professor Bitar a few times and he has been very helpful each time, he also discovered a 
polarized capacitor in the voltage reference block that was soldered in backwards and was about 
to rupture, and wasn‟t functioning properly (polarized capacitors in backwards function as 
resistors). We have since fixed this. 
We fixed the 4.5V reference issue by cutting the trace that connects the reference point to the 
LED driver circuitry and the LED, and replacing it with a 5V LDO. This takes the load off the 
reference point, as it is now only biasing an operational amplifier in our distortion block. This 
LDO can supply up to 150mA, which is far more than we need for our purposes. Future 
production of this pedal would likely use the other operational amplifier on the IC used in the 
  
distortion block as a buffer to prevent the reference point from being loaded. This could be 
implemented via PCB modifications. 
Once we implemented our new design, the LEDs were “super bright” as advertised (we got them 
from www.superbrightleds.com). We tested the pedal and it was making a kind of phasor-like 
sound that seemed to be sweeping in frequency. We are not entirely positive what it is from, but 
it could be extra noise created by all the extra wires that are connected to the board from the 
bypass circuitry. These wires should stop acting as antennae after the circuitry is in the box. 
The distortion block is no longer working properly. When switched on, you can hear the 
distortion but there must be an intermittent connection somewhere in the several wires we have 
attached now or maybe something on the board itself is partially connected. We‟ve checked out a 
few things and Bob has reinforced them, but we cannot currently get an output out of our 
distortion block. The equalizer and the bypass functionality work perfectly. Fixing this issue is 
going to involve long hours of cleaning the board and testing every single connection in between 
parts that work. It‟s going to be a nightmare. 
